We report a low cost and high accuracy interferometric technique for detecting nanometer vibrations by using a photorefractive crystal interferometer based on two wave mixing within a Bi 12 SiO 20 (BSO) crystal. The results of small displacement detection on the sample (1-2nm) and comparison between the sensitivity of Michelson and photorefractive adaptive interferometers are presented. Furthermore, the effect of an external electric field applied to the photorefractive crystal on the Signal to Noise Ratio (SNR) and on the vibrometer sensitivity is investigated.
Introduction
Non-destructive testing techniques are able to detect position and size of cracks and defects in material. For industrial applications this can be achieved by utilizing optical interferometers and measuring small ultrasonic displacements [1, 2] . For this purpose, photorefractive crystal (PRC) interferometers based on two wave mixing show good sensitivity, especially on the rough industrial surfaces [3] . By using this type of interferometers, one is able to measure very small displacements in order of several nanometers or even below [4, 5] . Also by detecting the ultrasonic displacements of a sample one is able to measure the thicknesses of various kinds of sheet materials [3] .
Piezoceramic transducer (PZO, 2mm×5mm×5mm)
Connected mirror of 4mm diameter
Experimental results
In our experiments, ultrasound waves with different frequencies and amplitudes are generated with a piezoceramic transducer (PZO, 2mm×5mm×5mm). The transducer has a resonance frequency of 500 kHz and a maximum stroke of 3µm/150V. As sample, a small circular mirror of diameter 4mm connected to PZO is used. In figure (1) , an image of the PZO structure can be seen.
Fig 1: Image of PZO and the connected mirror
By applying sinusoidal voltages (0.05-5V) on the PZO, displacements in the order of nanometers with frequencies between 1Hz and 70kHz are generated. To measure the vibrations, we used a Michelson and a photorefractive crystal interferometer.
For the latter, a 532nm detection laser beam is divided into reference and signal beam [3] . The signal beam is focused on the sample surface. By surface vibrations, the reflected beam gets modulated and interferes with the reference beam in a BSO (Bismuth Silicon Oxide: Bi 12 SiO 20 ) photorefractive crystal with a [110] crystallographic axis. The crystal has a size of 5mm×5mm×5mm. An external electric field is applied in the [001] direction by evaporated gold contacts. It is notable that reversing the applied electric filed direction will change the sign of the photorefractive gain. Silver paste was used to contact wires from a high voltage power supply to the gold electrodes on both surfaces. We used this BSO crystal because of its high photorefractive gain, its fast response time and the reasonable cost.
Due to the photorefractive grating generated in the crystal, the reference beam gets diffracted in the direction of the signal beam. By interfering both beams on a photodiode, one can measure the phase shifts via amplitude modulations of the laser intensity and thus the ultrasonic displacements on the sample surface. In Fig. 2 , a simple schematic of the interferometer is shown. We optimized this interferometer by changing the signal and reference beam intensities ratio (R=10), their beam diameter on the crystal (A signal-in = 0.03cm 2 , A reference-in =0.2cm 2 ) and their incident angle (2 =10°). It is worth noting that all the physical parameters (beam spot size on the sample, laser beam power on the detector, detector type and object beam power) for the photorefractive interferometer and the Michelson interferometer are chosen similarly. We found a flat frequency response for Michelson interferometer. In the case of the adaptive interferometer, the response frequency is approximately constant for high frequencies (1kHz-40kHz) while for frequencies lower than 1kHz (f cut ) the sensitivity is decreased. By using the adaptive interferometer and applying a high voltage of 1.5-2kV across the BSO crystal, we found a minimum detectable displacement (sensitivity) of 1-2nm. In Fig.3 and Fig. 4 , one can see the PRC frequency response and dependence of the SNR on the vibration amplitudes at 20kHz for both types of interferometers respectively.
The photorefractive crystal interferometer shows in comparison to the classical homodyne (Michelson) interferometer with the same physical parameters chosen, 4-5 times less sensitivity for mirror like surfaces. However, for high rough industrial specimens the sensitivity of the photorefractive crystal interferometer is much higher than that of the Michelson interferometer. 
